Obesity prevalence rates are increasing worldwide and one prevailing hypothesis is that physical activity levels of modern humans are markedly reduced compared to those of our Paleolithic ancestors. We examine this hypothesis by deriving relative activity energy expenditure from available doubly labeled water and indirect calorimetry data in free-ranging non-human mammals. Our results, given the constraints posed by limited data availability, suggest that a low physical activity level, much less than that observed in free-ranging non-human mammals or highly active humans, is present in modern adult humans living within advanced settings. Our observations lend support to the hypothesis that low activity-related energy expenditure levels contribute to the rising worldwide prevalence of obesity. Keywords: energy expenditure; physical activity; doubly labeled water; resting energy expenditure As living standards rise, countries all over the world are experiencing an unprecedented increase in the incidence of obesity.
As living standards rise, countries all over the world are experiencing an unprecedented increase in the incidence of obesity. 1 Obesity is a consequence of a long-term positive imbalance in individual energy intake and expenditure leading to excessive deposits of adipose tissue. One current hypothesis is that levels of energy expenditure as physical activity are markedly reduced in modern day humans compared to conditions under which our Paleolithic ancestors evolved and that biological regulatory mechanisms have failed to adequately down-regulate food intake to prevent positive energy imbalance in genetically predisposed individuals. 2, 3 A critical missing component in this account is a lack of data on energy expenditure from physical activity in prior time periods. It would be of interest to know how active primitive humans were prior to the time when modern tools, labor saving devices, and social organization reduced the needs for food gathering and defensive activities. Our analysis that follows reveals interesting trends but also highlights the paucity of information on key measures of energy expenditure in mammals.
As humans share with other mammals many physiological and metabolic characteristics, 4 we estimated early human activity levels based on the assumption that primitive humans and free-ranging mammals today share in common the same approximate relationship between free-living energy expenditure (FEE) and body mass. The FEE estimates, adjusted for body mass, were expressed as multiples of resting energy expenditure (REE), also adjusted for body mass. We then examined concordance of our results with human group data from active individuals living in rural areas of developing nations and from selected individuals participating in high levels of occupational and recreational physical activity. Finally, we compared these results with observations from representative adults in developed nations. Free-ranging energy expenditure was evaluated using a composite database developed from previously reported and new (six Kenyan yellow baboons) doubly labeled water human and animal studies (Appendix). REE was estimated in earlier studies by conventional indirect calorimetry and we assumed that diet-induced energy expenditure (DEE) represented 10% of energy intake and thus of FEE under weightstable conditions. Activity energy expenditure (AEE) was then calculated as FEEÀ(DEE þ REE). We expressed energy expended in physical activity as the ratio of AEE to REE.
Our results for the FEE (in kJ/day)-body mass (M, in kg) function, based upon doubly labeled water estimates, indicates FEE ¼ 800 Â M 0.73 ( Figure 1 Table 1 , and Appendix). In contrast, the AEE/REE ratio for representative humans living in developed nations (B0.5 or PAL ¼ 1.67) is far lower than that observed in most free-ranging nonhuman mammals and active humans.
Using time-energy budget modeling, 7 we estimate that to achieve an AEE/REE of B1.8, present-day humans with a modern lifestyle (ie, with AEE/REE ¼ B0.5) 7 would need to spend, in addition to 'usual' activities, about 3.5 h per day running at 14.5 km/h, 3.7 h per day swimming, or 5.7 h walking over fields and small hills. This AEE/REE value of B1.8 or PAL of 3.2 can be compared to PAL levels of sedentary Western populations of approximately 1.4-1.6. 5 The upper limit of sustainable human metabolic rate, the highest level of energy expenditure at which energy balance and body weight can be maintained when food supplies are not limiting is a PAL of 2.2-2.5 for the general population and approximately twice as high, 4-5, in endurance-trained athletes. 5 Early hominid evolution took place in woodlands and grasslands with subsistence hard to obtain. Modern huntergatherers who provide us with a model often travel 6-8 by this approach thus appear to have physical activity levels considerably higher than those of modern nonexercising adult humans living in industrialized nations. An important limitation of our analysis is the relatively small literature on mammalian free-living energy expenditure estimated by doubly labeled water. Data in large mammals are particularly lacking, owing in part to the cost and complexity of carrying out experiments in free-ranging animals. Controlling for seasonal influences, age, and other possible moderators of mammal energy expenditure were not possible. We used all of the available data, given these limitations, in our analyses. Our findings should therefore be seen as an initial approach and analysis rather than as a definitive examination of early human relative physical activity levels.
Our findings suggest that a low PAL (ie, AEE/REE ¼ B0.5 or PAL of 1.67), much less than that observed in free-ranging non-human mammals or highly active humans, is present in modern adult humans living within technologically advanced settings. These observations provide a quantitative with doubly labeled water, expressed as a multiple of REE. Data are presented on human groups (nonathletes living in developed nations, military trainees, individuals from rural areas engaged in high levels of physical activity, and athletes in training) and small animal species for whom both FEE and REE data were available as outlined in Table 1 . The associated study number references are summarized in the table and Appendix.
Human activity levels M Hayes et al estimate of the degree to which modern adult humans may differ from Paleolithic humans in physical activity and lends support to the hypothesis that low activity-related energy expenditure levels contribute to the rising prevalence of obesity in developed nations. 
Appendix A1
Free-ranging expenditure was evaluated using a composite database developed from previously reported and new doubly labeled water human and animal studies (see Table A1 ). Human activity levels M Hayes et al
